Ibrutinib potentiates anti-hepatocarcinogenic efficacy of sorafenib by targeting EGFR in tumor cells and BTK in immune cells in the stroma.
Hepatocellular carcinoma (HCC), the most prevalent primary liver cancer, is a leading cause of cancer-related death worldwide because of rising incidence and limited therapy. Although treatment with sorafenib or lenvatinib is the standard of care in advanced-stage HCC patients, the survival benefit from sorafenib is limited due to low response rate and drug resistance. Ibrutinib, an irreversible tyrosine kinase inhibitor (TKI) of TEC (e.g. BTK) and ErbB (e.g. EGFR) families, is an approved treatment for B cell malignancies. Here, we demonstrate that ibrutinib inhibits proliferation, spheroid formation and clonogenic survival of HCC cells including sorafenib resistant cells. Mechanistically, ibrutinib inactivated EGFR and its downstream Akt and ERK signaling in HCC cells, and downregulated a set of critical genes involved in cell proliferation, migration, survival and stemness, and upregulated genes promoting differentiation. Moreover, ibrutinib showed synergy with sorafenib or regorafenib, a sorafenib congener by inducing apoptosis of HCC cells. In vivo, this TKI combination significantly inhibited HCC growth and prolonged survival of immune-deficient mice bearing human HCCLM3 xenograft tumors and immune competent mice bearing orthotopic mouse Hepa tumors at a dose that did not exhibit systemic toxicity. In immune competent mice, the ibrutinib-sorafenib combination reduced the numbers of BTK+ immune cells in the tumor microenvironment. Importantly, we found that the BTK+ immune cells were also enriched in the tumor microenvironment in a subset of primary human HCCs. Collectively, our findings implicate BTK signaling in hepatocarcinogenesis and support clinical trials of the sorafenib-ibrutinib combination for this deadly disease.